interfering with the ability of a second species to locate mates. This could be the result of the one species' calls simply masking those of the other, or it could be that the calls confuse individuals of the second species and cause them to approach heterospecific callers rather than those of their own species. Such signal jamming can also occur within a sex. For instance, among two species of Amazonian frog, there is selection for decreased sensitivity in male Allobates femoralis to calls that fall within the range of Epipedobates trivittatus calls in areas where the two species overlap ( Figure  1 ). That way A. femoralis might avoid interference resulting from the overlapping frequency range of E. trivittatus calls. As these calls form the basis of male-male communication in these territorial frogs, responses to E. trivittatus calls by A. femoralis males could represent both signal jamming and heterospecific rivalry.
But does reproductive interference really happen that often?
There is evidence for reproductive interference in many species, particularly in invasive and closely related species. A recent review found 167 examples of reproductive interference, excluding studies of hybridization. Moreover, several types of reproductive interference can occur at the same time. For instance, when the two tick species Aponomma hydrosauri and Amblyomma albolimbatum were present on the same host reptile three forms of reproductive interference were recorded. First the mixing of female pheromones jams signals. Normally these pheromones cause males to cease feeding and search for females, but when females of both species were present males no longer responded. Second, males attempt to court females of the other species and thus spent less time courting and mating with females of their own species. Third, when A. albolimbatum males attempted to mate (unsuccessfully) with A. hydrosauri females, they remained attached to the females' ventral surface, preventing access to her genitals for conspecific males.
So how important is reproductive interference?
Despite the growing body of empirical examples, the ecological and evolutionary effects of reproductive interference are still poorly understood. While some reported cases may seem unlikely to have detectable effects on either the ecology or evolution of the species involved, such as those occurring between seals and penguins ( Figure  1 ), reproductive interference by invasive species can contribute to the displacement of native species. And, there is increasing evidence of reproductive character displacement -the evolution of differences in reproductive behaviour between species -being driven by reproductive interference, for instance in damselflies. In addition, reproductive interference between naturally co-occurring species may have sufficient fitness effects to influence habitat use. One obstacle to determining the importance of reproductive interference is that it has often been studied as part of different evolutionary or ecological paradigms, e.g. hybridisation versus habitat use. Much like with other apparently non-intuitive mating behaviours, such as same-sex matings, the importance of reproductive interference may well lie in what it tells us about how and why organisms compete for mates, rather than as a consistently potent force of ecological or evolutionary change in its own right.
Where can I find out more? Amezquita, A., Hodl, W., Lima, A.P., Castellanos, L., Erdtmann, L. and De Araujo, M.C. (2006) . Masking interference and the evolution of the acoustic communication system in the Amazonian Dendrobatid frog Allobates femoralis. Evolution 60, 1874-1887. Andrews, R.H., Petney, T.N. and Bull, C.M. (1982) .
Reproductive Interference between three parapatric species of reptile tick. Oecologia 52, 281-286. de Bruyn, P.J.N., Tosh, C.A., and Bester, M.N. (2008) . Athough there are a few similarities, in general the contrast between life in Antarctica on land and in the sea is amongst the strongest anywhere on Earth. Few higher taxa of organisms occur in Antarctica's deserts or lakes, and those which do are tiny and have species richness levels which would be dwarfed by any small island elsewhere. By contrast, in the marine environment, just 30 minutes using SCUBA (diving using Self Contained Underwater Breathing Apparatus) or a remote operated camera can reveal representatives of half of all known animal phyla. Ectotherms have had to adapt to very low, but stable temperatures, whereas most endotherms leave the polar regions in winter. Animals on the seabed (Figure 1) live life in the slow lane, exhibiting some of the slowest development and growth times known. The water column contrasts with both life on land and on the seabed, as although species-poor it is very productive in summer. It also includes some of the most numerous and largest macroscopic life on the planet.
History has played a dominant role in the explanation of why Antarctica's land, fresh-water, littoral and marine life is as it is. The most important factor has been the gradual long-term Primer cooling over the last 60 million years, steepened by the Azolla event in the Arctic. However, the geographic and oceanographic isolation (driven by plate tectonics and the initiation of the Antarctic Circumpolar Current) and the cyclical major glaciations over the last few million years have also played important roles. Unlike at lower latitudes, there is sadly little direct fossil information on the evolution of the Antarctic marine fauna. The high energy conditions at high latitudes are not ideal for fossilisation, and most fossil deposits that do exist on land are buried under ice sheets. Furthermore, the scouring of nearly all of the land and much of the Antarctic continental shelf by the advance of ice sheets at glacial maxima (the peaks of ice ages) will have destroyed much of the fossil evidence. Nevertheless there are a few places, such as Seymour and James Ross Islands, which afford a window into Antarctic marine biological history for a few isolated points in time. To supplement this meagre information, however, we can use information on the current distributions of species, together with the rapidly developing field of molecular phylogeography (for example, the geographic variation of haplotype networks within a species) to infer faunal evolutionary history.
A seasonally productive water column In the Southern Ocean, some physical conditions (for example, temperature) are as stable as anywhere on Earth, matching the deep sea. Much of the physical variability that does occur is highly predictable seasonally; thus, the light climate and solar energy input are set by latitude. However, the environment is cyclical, across time-scales ranging from tens of thousands of years (driven by planetary orbital variation) to quasi-decadal (for example, the Southern Annular Mode -the dominant mode of extra-tropical climate variability in the Southern Hemisphere, characterised by an oscillation in surface atmospheric pressure between high and lower latitudes). On very short time-scales, however, the surface marine environment can be highly variable, as storms and other weather features move through. Sea-ice is the most obvious feature of the sea surface, and this doubles in area in winter. Although apparently barren when viewed from the surface, sea-ice supports an extensive and complex ecosystem. Considerable productivity occurs within layers or pore chambers in sea-ice, as well as on the underside of the sea-ice, and many species have to tolerate quite extreme conditions of temperature, salinity and nutrient concentration.
The peak of primary production by phytoplankton is subsurface and spatially patchy; it can be intense at more than 200 g C m -2 close to or over shelf areas, and the bloom is highly seasonal. Southern Ocean surface waters can thus switch rapidly between being thick with algal blooms to being the clearest waters in the world; the record for oceanic water transparency, measured by Secchi disk, comes from the Weddell Sea (80 m, measured on October Hard surfaces covered by sessile suspension feeders, such as brachiopods (A) and slow moving predators such as sea-stars (C). Water column biomass is dominated by krill (B) and copepods (D). Fish are mainly demersal and show unique adaptation, such as no haemoglobin in the icefish (E). Unlike elsewhere, most of the predators are not durophagus (crushing), such as the sea spiders (F) and nemerteans (G), which also illustrate gigantism (through raised dissolved oxygen content of cold water). We thank Jamie Oliver for help making this figure. 13, 1986). The intensity of summer production is a major reason why this area, comprising just 10% of the global ocean, is responsible for ~20% of CO 2 draw-down. There are many species of algae involved and the composition of blooms vary with water mass and with proximity to oceanic fronts or the seasonal sea-ice margin. In consequence, the composition of phytoplankton preserved in sediment cores has proved to be a valuable tool for investigating historical variation in oceanography, such as where and how far fronts move northwards during ice-ages.
The phytoplankton biomass is dominated by large diatom species, though some areas can be dominated by Phaeocystis and many consumers may target the smaller ciliates and flagellates (nano-phytoplankton) or bacteria (picophytoplankton). The interaction and lag between physical variability and changes in primary production has been a key area of research, particularly with respect to its trophic cascade effect on zooplankton and their high predators.
The fate of most primary production in the Southern Ocean is to be broken down by bacteria and protists in the 'microbial web', and new molecular approaches are revealing huge and previously unrealised bacterial biodiversity. A second important route for algal productivity in the Southern Ocean is consumption by the most numerous 'large' animals in the world: Antarctic krill (Euphausia superba) and calanoid copepods. Krill can form swarms more than a km long; they grow through a series of moult stages to reach more than five centimetres in length and annual production is estimated to be 340-540 million tonnes. Zooplankton, and especially krill, are the key prey for most of the world's penguins and baleen whales, as well as many fish, squid, seabirds and seals. Krill is also the target of a substantial fishery, and so understanding its population dynamics has long been seen as a priority for science and conservation in the region. Recent genetic studies have shown that 'clock' genes -genes for components of the molecular machinery controlling circadian rhythms -control moulting and diel migration, and other work has suggested that there is weak but significant geographic structure to populations. This structure is perhaps surprising given that krill are moved huge distances by the powerful Antarctic Circumpolar Current.
Perhaps the most striking feature of the water column biota of the Southern Ocean is the paucity and low diversity of fish. A few groups, most notably the notothenoids, have radiated in Antarctica but many taxa and guilds familiar from lower latitudes are completely absent. The notothenioids dominate biomass and diversity on the continental shelves around Antarctica. They are a predominantly benthic group, having evolved form an ancestor that had lost the function of the swimbladder. They tend to be slow moving, and relatively few species have evolved the ability to live in the water column. Their physiology has attracted a great deal of attention, particularly in relation to freezing resistance and metabolism. Because teleost (bony) fish have blood that is more dilute than seawater, they run the risk of freezing in very cold polar waters. Freezing is prevented by the presence of a glycoprotein antifreeze; this prevents small ice crystals from growing to a dangerous size, though how the fish clears this ice from its system is still an area of active research. One group of notothenioids, the ice-fish, no longer express the genes for haemoglobin (and often myoglobin) and so their blood is clear and translucent. At the low temperatures of polar waters these fish can carry sufficient oxygen for metabolism in simple solution. Most Antarctic fish grow slowly and do not reach maturation for many years, making them highly vulnerable to harvesting. Although compared with elsewhere Southern Ocean fisheries have been fairly small scale, targeted populations have still not recovered decades later.
A deep but diverse sea-bed
Water column-seabed interactions (benthopelagic coupling) may be at its weakest in high latitudes. This is because the vast icesheet on the continent of Antarctica has depressed the shelf so it is deeper than elsewhere, and together with the scouring of the shelf by previous extensions of the ice sheet at glacial maxima this has resulted in a continental shelf much deeper than the photic zone of primary production. In consequence, benthic primary consumers are further away from food, much of which is recycled in the water column as it sinks to the seabed.
Ecologists have long been intrigued as to whether the extreme physical conditions of the polar oceans, the unusual nature of the Antarctic continental shelf and/or its isolation by the Antarctic Circumpolar Current have resulted in a fauna that differs from that elsewhere. The Southern Ocean is the only marine region in which sharks and turtles are absent, and likewise there are benthic groups which are absent (for example, brachyuran crabs) or very rare (such as acorn barnacles, rays and reptant decapod crustaceans). However, the benthos is just as remarkable for those groups that are well represented; pycnogona (sea spiders), peracarids (amphipods and isopods) and bryozoans are all unusually rich and abundant. In common with most isolated regions, most of these species appear to be endemic. Debate continues as to which factors have been most important in producing this diverse and unusual fauna. Recent suggestions include lack of predators able to crush skeletons, the unusually sediment-free water column, to which can be added the long-running theme of history.
More than 9700 species are described from the Southern Ocean, most of which are benthos, but we know much less about them than the pelagos (Figure 2 ). It had long been thought that species richness in general declined pole-wards. This is clearly the case on land and in freshwater, but although it is true for macro-algae and a few animal groups (notably gastropod molluscs) in the sea, other marine taxa are as rich or richer than at low latitudes (for example, holothurian sea cucumbers or ascidian sea squirts). The diverse Antarctic seabed thus contrasts with patterns on land, freshwater and in the water column, and indeed it is comparable in diversity across all taxonomic levels with all but coral reef ecosystems. For example, more than 1200 species are known from the South Orkney Islands and nearly 2000 around South Georgia. The number of known benthic species has near doubled in the last decade, partly as a result of particularly intense multinational efforts during the Census of Antarctic Marine Life and International Polar Year (even areas as big as the Amundsen Sea, which is 40º longitude wide, were only first sampled in 2008) but also because of the rising evidence of West Antarctic warming.
The Southern Ocean has been claimed to be the most isolated of any large marine area because it is surrounded by the fastest jet of the Antarctic Circumpolar Current, the Polar Front, which acts as a strong barrier. This barrier is not, however, absolute and its strength and porosity varies with depth and geography; moreover meso-scale eddies continually spin off north and south, carrying organisms both in and out of Antarctica. Recently, molecular genetic techniques have shown that some species genuinely do have distributions that cross this front, but most that appear to do so are actually separate but cryptic species. Unlike anywhere else, isolated or not, there are no confirmed reports of non-indigenous fauna established in the Southern Ocean (though several non-indigenous algae occur at Deception Island and single life stages of some non-indigenous crustaceans and a mollusc have been reported).
One aspect of ecology that has a significant impact on dispersal ability is the mode of reproduction. Thorson, Mileikovsky and other pioneering biologists long ago suggested that, in polar regions, the reproduction mode tended away from production of planktonic larvae. This is supported by the success in polar regions of many taxa which are obligate brooders or undergo direct development (that is, they lack a free-living larval stage entirely), but also by anomalously few molluscs or echinoids (sea urchins) with planktonic larvae. However, plankton tow samples have revealed that though fewer species have planktotrophic (feeding) larvae at high latitude, many have lecithotrophic larvae (non-feeding planktonic larvae with yolk-sacs). One interesting ecological aspect of this broad pattern is that the few species that do reproduce via planktotrophic larvae are extremely abundant in the shallows, suggesting differential survival during glaciations and interglacials. Ice-sheets grounded on most of the shelf during glaciations would isolate benthos from their food supply in the photic zone by considerable distances, and make possession of feeding larvae a strong disadvantage. However, far-ranging planktotrophic larvae could recolonise the shelf more easily as ice sheets retreated between glaciations.
Antarctic benthic organisms are unusual in ecophysiology, with reduced oxygen use (metabolism), development, growth, activity and meal processing times an order of magnitude slower than ecologically equivalent species elsewhere. Predation of limpets by nemertean worms can only be visualised by recording on film and playing-back at an hour a minute. This makes experimental and manipulative work very difficult for on grant, PhD and The area of the southern polar seabed which has been biologically sampled (A, red boxes show benthos data) is much lower than that for the water column (B, blue boxes show data for pelagos). Southern Ocean species description and addition to open access databases with time (C). Data from http://www.SCAR-MarBIN.be. We thank Huw Griffiths for help making this figure. even scientist lifespan time scales. However, they may be important 'canaries' of global climate change, as most species that have been experimentally measured have proved to be highly sensitive to small changes in temperature. Whilst the Southern Ocean is typically associated with endotherm giants (Fin and Blue whales, but also the largest of flying birds, the wandering albatross) it also has gigantic invertebrates, notably arthropods. The maximum size of percarids and pycnogona has been correlated with high levels of dissolved oxygen (cold water holds more gas) but selective pressures in some groups (for example, bivalve molluscs) have led to the evolution of mainly very small species. In the shallows, many animals are small because they are juveniles or young; communities are in various stages of recovery from scouring by icebergs. Most can recruit from deeper water as Antarctic benthos occur across unusually wide depth ranges (eurybathy), a feature which may be related to previous extensions of the ice sheet driving many species off the shelf and in to deeper water.
Many benthic species recorded from the shallows have ranges beyond the shelf break at 800 m and down the continental slope. Very little is known about the biology of the continental slope and deep sea, even in the best-studied regions such as the Weddell Sea, although a recent series of scientific cruises (Antarctic Deep sea or ANDEEP) have shown that some groups, notably isopods, are unusually rich here. Whether most abyssal species are rare or intensely patchy has become a source of debate, as has been the scalability of richness estimates (that is, how valid is it to scale up from the results of a few samples to the deep-sea environment as a whole?). Except for meiofauna, only in the last few years has sampling protocol in deep waters started to become designed more critically to increase statistical power. The last decade has marked a step change in the development of collecting, describing and databasing deep biodiversity, but the drivers of Antarctic abyssal biodiversity remain obscure. Elucidating these may be crucial to reconstructing and understanding Antarctica's past and will require closer linkage across disciplines, as has happened during the latest exploration visits to cold seep and hydrothermal vent communities in Antarctica.
Marine biological response to physical change
The ocean to the west of the Antarctic Peninsula is warming, and projections from global models suggest that this will be amongst the first places to become under-saturated first in aragonite and then in calcite; in other words, this is a likely hotspot of ocean acidification. Measurements to date already show that near surface waters of the Bellingshausen and Scotia seas have warmed as fast as anywhere in the last 50 years, and that the highest rate of glacier retreat, ice shelf and sea ice losses are along the Antarctic Peninsula.
A considerable literature has already been built up on ectotherm responses to acutely raised acidification through laboratory experimental manipulations on various life history stages of a range of Antarctic taxa. These suggest differing degrees of tolerance (that is, the ability to maintain shell thickness), but the extent to which any individual species will cope through tolerance, as against adaptation or migration, is unknown and hard to test over realistic time scales. One of the key problems of assessing in situ biological response to acidification is the paucity of historic measurements of pH, something which is now being addressed by examination of museum specimens with skeletons of differing carbonate structure.
Much experimental work has also been directed at the response of nearshore benthos to acute temperature rises, showing that many common species in the shallows are unable to perform critical activities following increases of just 2-3ºC. As with studies of the acute response to acidification, it is difficult to assess relevance of short-term studies to understanding the long-term responses to environmental change. Arguably many of the most likely marine biological responses will be through altered community interactions, but in situ study of this is greatly complicated by iceberg activity, slow growth and community development, and taxonomic resolution.
One consequence of the widespread retreat of glaciers and ice-shelves is that phytoplankton blooms now occur in areas previously covered by shelf ice, and also further south where the duration of winter sea ice has shortened. Oceanographic changes to the west of the Antarctic Peninsula have also affected higher levels in the foodweb. A decrease in krill biomass and a concurrent increase in salps over the last few decades has been reported, though links to climate change remain speculative. More clearly linked to warming have been marked changes in the distribution of penguin breeding colonies, with populations of the ice-associated Adélie penguin having decreased towards the north of their range and increased at more southerly locations and an associated shift southwards of the related Gentoo and Chinstrap penguins.
Rising surface temperatures have also led to much speculation about invasions of the Antarctic continental shelf by non-indigenous species or anomuran (stone) crabs from deeper water with consequent changes to assemblage structure or even extinctions of native fauna. Whilst such speculation has attracted considerable attention, hard evidence of actual biological change with a clear causal link to changes in climate is essentially confined to changes in the distribution of phytoplankton and sea-bird (mainly penguin) distribution. Thus, even in an area experiencing one of the fastest rates of regional climate change, and despite considerable international marine biological effort, the biological response to physical change is not yet clear. We suggest that impacts are most likely to be detected near research stations in the shallower waters of the Bellingshausen and Scotia shelves. These will probably involve one or more of the first detection of range shifts in the more sensitive species, increased growth by suspension feeders, differential survival across age spectra of well monitored species, arrivals of non-indigenous species, and increased ice-scour disturbance in the shallows (as reduced periods of winter fast ice allow ice bergs to move around more).
Marine biology as a tool to interpret wider science questions
Historically marine biology in Antarctica has benefitted greatly from synergy with other disciplines, particularly geology and oceanography, but also geography, glaciology and meteorology, all of which provide valuable context for the interpretation of biological data. A multidisciplinary approach to the testing of biological hypotheses is now widespread, but in recent years biological data have proved critical to other disciplines. This is because it can provide data where there are otherwise little or none, or it can provide improved spatial or temporal resolution.
Perhaps the best recent example has been the use of biological distributions to refine models of ice sheet behaviour under past climate variation. Ice cores provide a high resolution record of past atmospheric temperature and composition but these data are spatially limited. Glaciologists and geographers have mapped ice sheet topography and thickness and can determine ice thinning patterns and the topography of underlying bedrock to reveal likely paths of weakness and instability. However, recent work on the genetics and distributions of terrestrial biota has shown clearly that some land has remained ice-free; this then constrains model reconstructions of past ice-sheet size and distribution. On the continental shelf, studies of ice scouring lines, moraines and sediments suggest that at the last glacial maximum, ice sheets grounded on nearly all shelf. However, recent careful biogeographic work has suggested that the Weddell and Ross seas, on either side of the West Antarctic ice sheet, were connected recently. Such a marine connection suggests a partial collapse of the third largest ice mass on Earth (Figure 3 ). This important synergy between biological and earth sciences is being further used to help elucidate the path and extent of the seaways and their timing, which should give strong clues to West Antarctic ice sheet behaviour in past interglacial periods and how global sea level is likely to change under current and projecting warming.
A second example of this synergy comes from the modelling of the impacts of regional climate change. Organisms are now seen as one of the best sources of high resolution records of past pH and temperature. Whilst the change in pH of the Southern Ocean suggests increasing difficulty for calcifying organisms, the increase in both oceanic temperature and the spatial extent of phytoplankton blooms may enable benthos to grow more rapidly. The use of historical archived samples has already pointed to such changes, and this synergy between biology and oceanography promises to lead to significantly refined predictions concerning the impact of climate change on the Southern Ocean biota. And in turn this should lead to an improved understanding of the impact of global change on the biota of the world's oceans.
Concluding remarks
Marine biology was one of the earliest scientific disciplines to be undertaken in Antarctica. Whilst this led to a rapid improvement in our understanding of the Southern Ocean and its biota, it also led to an explosion of resource harvesting. Early exploitation focussed on whales and seals, but since the 1960s there have also been finfish and krill fisheries. The Antarctic also has a long and distinguished history of fundamental research on many of these exploited species, research which has not only given us fundamental insights into their population dynamics and the relationship of these dynamics to large-scale oceanographic and atmospheric phenomena such as Southern Annular Mode and the El Niño Southern Oscillation (ENSO), but also provided the first signals of population decline (for example, in many seabirds which were caught as by-catch in fisheries, both within the Southern Ocean and elsewhere).
For decades, biological effort was largely confined to major expeditions or the immediate environs of research stations serviced by ship. However, the development of permanent stations with air-bridges, and the greater use of new sampling techniques such as SCUBA and remotely operated vehicles have greatly increased both the spreads Figure 3 . Schematics of Antarctica, the Southern ocean sea-floor and ice extent now and as hypothesised in one of the last interglacial periods. The huge ice sheets weigh down Antarctica and its surrounding continental shelf (yellow), making it the deepest (as well as the widest) globally. Geological and biological data suggest species in the Weddell and Ross Sea, which are separated by the West Antarctic Ice sheet, were connected -perhaps as recently as 120,000 years ago. Studying signals of connectivity in species of the region could help reconstruct ice sheet behaviour during historic periods of warming and thus more accurately model future sea level change. We thank Peter Fretwell for help making this figure. and resolution of marine biological work in Antarctica. In the last decade there has been a significant shift in approach, with sampling increasingly targeted at answering specific questions, improved synergy with other disciplines, and a widespread application of molecular technology. This has been driven by the recognition that rapid regional warming was inducing striking changes in the environment, and the awareness that change in Antarctica had a truly global impact. Marine biology has recently become a key tool in understanding change in carbon cycling, the reconstruction of Antarctica's glacial history and thereby in predicting potential ice sheet behaviour and consequent sea level rise. Marine biological work in Antarctica has much to do, and remains an important aspect of trying to understand the world we live in and how it will change in the future.
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One hundred years ago, Captain Robert Falcon Scott set out across the Ross ice shelf in the Antarctic hoping to be the first person in history to reach the South Pole. He was travelling on foot. Although his team of five men succeeded in crossing the 900 miles from the edge of the continent to 90° latitude, man-hauling their sledges carrying food and equipment for most of the trip and conducting valuable science en route, they died on the return journey. A century on, there is still controversy about how much Scott (Figure 1 ) was at fault, although in 1910 there was considerable ignorance about the physiological stresses caused by Antarctic extremes. Accepting the limitations of the technologies he took on the expedition, today we can use our greatly advanced understanding of the human condition to assess the major physiological stressors that Scott endured and the tricks he missed to limit them. In celebrating this centenary and the vast development in physiological knowledge accrued since the 'Heroic Age' of Antarctic exploration, we ask whether, with this modern insight, Scott's team could have survived their epic journey.
Antarctica is a desolate landscape. Temperatures there are usually below 0°C and regularly as low as -70°C, exacerbated by very strong katabatic (downslope) winds, and there is little vegetation or animal matter for food. This explains why Antarctica is the sole continent not permanently inhabited by people, and terrestrial travel there is incredibly demanding.
Early Antarctic explorers hoped that exposure to a cold environment
Essay
Could Scott have survived with today's physiological knowledge?
In 1911, members of a British expedition walked across the Antarctic to the South Pole, but in the punishingly hostile environment, retracing their steps back to the edge of the continent proved fatal. Over the last 100 years, knowledge about human physiology has greatly increased and, on the centenary of this most extreme of all journeys, this essay explores the true extent of the physiological stress experienced by the men involved and whether their fate was inevitable.
over months would trigger noteworthy physiological adaptations to help them cope, but it is now recognised that this does not happen. As a consequence of our African ancestry, mankind is primarily adapted to heat exposure, and responses to the cold are not only relatively ineffective [1] but can be counterproductive for man-hauling expeditions. For example, alongside shivering to generate more heat, the body increases insulation by vasoconstriction of blood vessels primarily in the skin, such that less heat is transported by the blood to body extremities and lost. However, the increase in insulation from this response is less than that provided by wearing a typical business suit, and the marked reductions in blood flow to the extremities considerably increase 
